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tsigt, taia^-^«M © ^m&m®. t mmm n mmm © ^mmm&m t © 
m^m^n^jimt., mmm-mmm<D¥m&mfc&zfmm$$^mmm<D*M 
mmmm-uztf- h*mm&j&&-t&3Mt.. mm?- hmmm±^?- hmm 

«*»«:is:^t«xi h , mmmummmtD^mmmM ft ic^-#*m© 

d £ &4$«fci- *»#3C 1 fE«©¥#ttSgtt©$et2f& 0 

0 0 0 A^e> 6 0 0 0A©|gH"efeS3i:$:#^^-t-5»^^l|a^©^^ 

(Dmmitl OOA^lOOO 0 ATf»*I £ &#«£?-<5»#3g 1 ffi*©4M* 

4fc«K#i x l 0 18 atoms/cm 3 j^±©3jfn>^fe«BF 2 ^^-tfz:i:S:#^i:-rs 
»#3C l £«©¥#&§£«©«&:£&., 
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ti **X#ffi^T*©^ffi C V D & Z> Z. £ £ H f 2> 1 S2*<Z>¥##^ 

&im t <Dm*#M * n ? Jim. it. locos#h&t- ss^tM^tstMi 
m<D*m®)ifcmm sMtsu* l < it. mmmzzmmma^mwmmmftiz 

^ > A L VMDgT* 1 ^^SIIB tf>SS 

i 3 ] mmm-mmM<D*mftmfafoizm-mmm(D*mmm®; 

^777>f >T??iAt5iiT'$. *; , mm&-mmM<D¥m<frmfomz&-mm 
gKD^mmmmmzmm.-tznin* l < mmmzzmnm&^mwmwtmMz 
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1 5 ] iiaiai£^*M«ifcJIiI,gfcfc lxio 16 ^ixio 18 

atoms/ cm 3 T'&*J, Bufa^m^^«SC®^« 1 X 1 0 19 c« 3 g±T'$>Si 
tMttSi^H, 12, 13, 1 4 fa*g<D¥##§ggCD§^#& 0 

fc«ilT'^53^S#ti:t6»^l 1. 12, 13, 1 4 iBft<Z>¥&tt3lg 
j& Lfcf|-^SM<z>*M^t£iWitcMOSM b tl#> 

(D^mmmm z mm-? z> tffis^-#«M©^M#»^M ft 
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[0 0 0 1 ] 

4#lC«JE1$ffi$g (Voltage Detector, J^VD^gtfB) ^j£«JE l^n. ly- # (Volta 
ge Regulator, Jt^VRfc^gB) >f l/^a I/- # (Switching Regulato 

[0 0 0 2] 

AMR L;fc.ffi»&M0Sh9 (JS*#* CMOSil^fB) IC^V>T^-T. 

[0 0 0 3] 

07 (a) tC^J^lC, PI^MS2 0 1, «*fcf #n >*fl&Ufc«ffi 
$2 0£)cm^U0Qc m®*JWft»&©¥*#3S«K:» N ^ 2 0 2, ft 
Xli U 1 X 1 0 11 atoms/cm 2 ^e> 1 X 1 0 13 toms/cm 2 <Z) K — X*T>f 
SAL 1 1 OOtT'l 0^^^©r^-;i/{Cj: y^Ufcttft® Sr^b, LO 
COSMIC J: »; Z7 4 -J]y K9fi81g2 0 6, MZ-lXmmm+Afrib 1 a m<Z)&&ff:lig 

0 5, m^iimmi 0 nm~ 1 0 0nm©»fkI«f5 o 
[0004] 

#IC, @7 (b) fCj^-f ^- Mii:45#ig^i/U 2 3 3 &f 

[0 0 0 5] 

^JC, ®7 (c) JCaVTJ^JC, NM0SflMSfc#>*gS2/y r2>2 3 3 £ 
LTir;i/7T^>f >T?N- 2 1 9, #f;ttfflfci^£ 1X1 0 16 ^P, 1X1 0 18 atom 
s/cm 3 0^T*>f :fr>&ALfc&i!cJ§£7t^U Kfffi^filS/'J 3>2 3 3 2>m?> 
f^Pg$:£WTN + 2 0 3, MjL&Htm*: 1X1 0 19 atoms/cm 3 ©i§,g , '*M 
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t;i/777>f >7rP+2 O 4, M;U£BF2$: 1 X 1 0 19 atoms/cm 3 (Z)|i^ , Tr^ * > 
ftAlfcttMS:^t5 0 NMOS^tf)^- h*ffifcfe«3He©*/y zr>2 3 3 
&tfPM0SM*£<Z>>f- hft^^^S^^i/U n>2 3 3tC=foP+2 0 4 £|MK:>f 

^SA^nsr^icj; yp+#*gss/y ^> 2 3 2^^stis 0 

[0 0 0 6] 
[0 0 0 7] 

mm>f- b 4 mm*&m-ir& i &mtf taiBNMoscoy-x&tfF^-'f 
y-XRtf .Ki/>f >©^;r>&A#gsgii-ift{cfi l ;i&v'>fc#>, y-xfc^r* f 

[0 0 0 8] 

5* y * if* f S £ V % 3 IQS^% o fc„ 
[0 0 0 9] 
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& £ H & T £ £ t £ a ft £ -r £ . 

[0 0 10] 
[0011] 

& sut, tmmnmnm<D*mmikm ft tzm-mnm<D*mm&& 

m & mj% -t s xg ^ , mm%z-mmm<D ¥m&m& ft l £ is - <d ^ 
M%&ffc« ^mtsxgi:, mmm^mnmcD ^mmmwcm ft tc 

[0 0 12] 
[0 0 13] 

(3) mmgrffi&isv nyfrbte&mmpwitf- bmma>mmi$2 o o o 
6 o o o AommT'&z^mftmm&mmjimt: bfc„ 

[0 0 14] 
[0 0 1 5] 

(5) ltfiaN^^^;i/MMOSS^>^X^-(D>f- h«@±(Z)$§iiiBI<Z>]8IJ?tel 
OOAj^&lOOO OAT^S^giCDl^^t L£ 0 
[0 0 1 6] 
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(6) t5ia^- Mtt$.5PS<Z)^«i5©#^Ii/>J 3><5^tIH*U 

o 

[0 0 17] 
[0 0 18] 
[0 0 19] 

(9) B&fB^f- MiC^iH!fe5:fAt51gl±, PM>f *>&^tf55f^#H 
[0 0 2 0] 

(i o) mmn-mnm<n¥mfomwi£mmm~mmm<D*Mmmmm£<Dm 

[00 2 1] 
[0 0 2 2] 

(i 2) mmm-mmm(D^mi^m^t\Hizf$-mmm(D^mmmmm^mm-t 
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[0 0 2 3] 

a u as v^ist & y , mzmmm^myn s - » % u < «^sis-fe ^775>f>ti 

[0 0 24] 

(14) mmm-mmm(D^m^mwi^Kmr.mnm^mmmmm^m^.-r 

& -fe /i> 7 r ^ >f > t^a-t * x5gr*& & ^^{*snB©isi3i* & 

[0 0 2 5] 

(15) tftrntemmttfoWBtMrnmit ixio^uxio 18 atoms/cm 3 

[0 0 2 6] 

(16) «re(S«^jDi4toi£tfi:«(z>^ffi«». 3j?D>*&ttBF2-e*y, 

[0 0 2 7] 
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d7) Mm?g-mmm<D¥m<*MfaftKi&f&isfcmr.mmM<DJfmmi&mim 

[0 0 2 8] 

(i 8) tft&m-mmm<D*m#&inMmzm&isfcm-mnm<D*nmm& 

[0 0 2 9] 
[^^©^<Z)^ffi] 

[0 0 3 0] 
[0 0 3 1] 

01 (a) ICJS^T, PSmiiioi, «;Ui#n>sSflBLfcfi#lSS2 

0 c m^y 0 Q c mffl^»Hffl^iSi:, N^xjI/102, 

U 1 X 1 0 1:l atoms/cni 2 ^e> 1 X 1 0 13 toms/cm 2 <£> K-XiT'^t>ftA 

U 1000 — 12 OOICT'ISC^ — tmi%mT--JVtZ>Z.£lZj:*)mf&-t2> 

i&wcmzmmis. Locos&ic<fc -jv \?mnmi 0 6, wz-itmrnm^A-fr 

e> 1 #m©|^*tl&$:0/i&L7^ MOS h =y > # - &^jft?«ig«CDffiStlg 
>f- hi^ifilgl 0 5, «it«Kffl 0 nm^P) 1 0 0 n mCDg^fblg 

^- huttttiR 105 fcTf^-r-sgfft) ^ < tt^- hmmm loszw. 
f$.L&mz.PM¥mftmmi o i^^N^m;n o 2<D*n®mm*m&?&£. 

n> l 3 3 5„ 
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[0 0 3 2] 

mi (b) feasor, Pmsmmz^^i/V ny 1 3 3 £ bTir;i/7 

75>f >T*P+1 0 4, «*.«BF2«:S/- hggiSfiitSfeWt L<K1 X 1 
0 19 atoms/cm 3 J£A_h©a^T*>r^>^Ai-So ^©B^NMOS^ctf)^- hWf§£ 

3&*#-ig©2/y n> 1 3 3&.mmsMi&e>>f- hmmttez&i&gkisv ny 1 3 

3 ic&p+i o 4 tmmz^ *y&A^tiz> z. £&c<fc VP+^ffi&i/V ny 1 07^ 
^^tiSo #ctc, Pt#^i*/U3>i 0 7_hfcj|ift*jRi 2 2, fin 

0 0 0 Agft©fRIMfclR«:JgfftU ^df-->^lfc'7# h 1/$?* MO 8M 
P+#fifii/U3>l 0 7 &7X?tUN+ 10 3. h3£Jfi& 
MtSfcAffSKlil X 1 0 19 atoms/cm 3 J^±©^T->f ^gA^S. 

[0 0 3 3] 

El (c) lC;fev\T, BrfSHN+l 0 3 &Jgj*-r<5fc«>K:7gj«Lfc:7jr M/S?* h 

1 0 8&iSU «©fe«!)C!)7--;K M^.l»?S1£^^#H^T' 8 0 0 TC 

A^ioo on-elS[#^e)^[^(Z)^>^ , T--;v$:fT^ zmz «k y, n+i 03^ 

[0 0 3 4] 

j«J:©xsicj:y, MiMo#^i/>j3> 10 7-e*»j y-xt 

KU>f >*«V^t)«>SS/>^KU>f >«3tT?*<5NMOSl 13fc, N^oi;i/M^cl 

0 2 ic^j&stifc^- h«i^ttyp+S0#^i/'j n> 1 0 i-zib&z/y 
K u>f >«Jt©PMOS 1 1 2 ^^ej^^CMOSi:. 7 -f KMHWK i o 6fc# 

[0 0 3 5] 

*ftm<D¥mftmm<Dm^miz£zm-<Dmmm<DPnosi 1 2&. y-t>« 

itt#ieii/'j3>T'fe^ PM0S1 1 2tf>y-*&tf Kl^>T*&£P+l 0 4$: 

^■r&fe«?)(D>r^->?iAS:ea^^ic^e>z:i:^T*^. mmz^ pmosi i 2 

©4*- hmmv&ZWM&mgkisVnyizjTfy&A-tZZ.lUzl: y % P+#^ 
S/U 3> l 0 7 £7f^-t£3£#nrfghfc3„ ^- MI^P+#eii/'Ja>l 
0 7 £-rs~£;-e. N?ai;i/i 0 2 h«M©tfclPW8t©H^e>PM0S<z>^ 
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[0 0 3 6] 

- fewness/ y n>-e&y, pmosi i 2©y-^MKi^^>M© 

«> © >f ;* > & A B£ £ m B£ tc iff fH#^ $/ U 3 > ic >f * > a A "T § 3 £ IC J: y X 
^$:it^-r3i:^<P+#^^^Uzi> 107 Z&f&'t&ZiltfvIffitteZ. 7£ic 
, P+#M<I^> U =r > 1 0 7 ±izmmm: 12 2 fcT^ffc^* Zl £: IC J; *J , NMOS 113 

(Dv-x&n fuj ^ t^ib<D>(*2/&Amzp+&mgk-yv n> 107 

lcNM©#«M»^M%^#A$4x-5>r h&R&ih-rsi:i:*){cNMOSi 1 3©y- 
1 0 10)?- h«@£PM¥##««l o i ©tt^reffcww^a^NMos©^* 

T^*I&*^"V*;b£:fc£o ^oT, L£vHB«ffi 5V#T©/h 
$ fcffilcRfc IT fei^-^X 1/ y */ a K<Z>#ffe-S> U - * £^ L < ftlffif 

[0 0 3 7] 
[0 0 3 8] 

it. <&mzMft& <£ tf<£M§t«:£K*f L^a&fcsmrT? ss^t # s *i * e> . 

[0 0 3 9] 
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[0 0 4 0] 

nvxmmitm^m^m^iz-D^xmmLr^K #$&i5§w:nmosi 1 3cz>y-x 

RZ$ Kl^>7£f£B£tf)-r;*->&AXglCfc^T, P+#3£H£/ U =i > 1 0 7 JC^M 

ft&Mti 2 2©mj*ttl«sS>r^>^Ax=gicj3^rp+#jf$^$/un>i o 
7^c^M%A^A$^l?5;v^m^_h^c-rti^^^<, ^TAT^#^-rsi: 1 o o 

Afrb 1 0 0 0 OAAWi LV>„ 
[0 0 4 1] 

tBHSifc £ ^ y s; a >^ BtftB^- h p M>f &<£*f *r ;* 

[0 0 4 2] 

PMOS.l 1 2<D¥- K««T?fe6P+#|gS2/y =2> 1 0 7 J:©|fi»Rl 2 2 M 
[0 0 4 3] 

[0 0 4 4] 

[0 0 4 5] 
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*m?o m*mmm&m& i23i:x7-7>^i24 hPMosm^ui^i 25 1 

Ml 2 9frt>t£2>ftmm& 1 3 0 fc^e»J&»J, A^J^l 2 6 &CffigcZ)«jEb# 

A*$tiT%mic— ^©mffSr^ii^ti-smgfBffiii^feicai^^i 2 8izm 

[0 0 4 6] 

ft&tm»Sft3V «tib«;cmosk: J: »; i9 - r > ^■■^PMosm**^ ^>Sip*BEig» 

[0 0 4 7] 
[0 0 4 8] 

VRtt«+ m A jR@ m A 5: ffi # "T £ tl »*PMOSffl;&5R-?©S8tttB 

*C 1 0 0 %#c# L> ISStC J: o T tt^ y ^"ffiaiCDtS^^SrPMOSffi^JiR^^rS 

[0 0 4 9] 

<3^oy-^t Ki/>r v>^jftn&f^=e- KK:fcv*Ti*«tre 

[0 0 5 0] 

#ftfni&f£ tc 6 mos h ^ > * # - cz> K W > «^ tt 
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Id=(/tt • Cox • W/L)X {(Vgs-Vth)- 1 /2 - Vds} XVds - ( 1 ) j£ 
Id: Kb-f>«^ 

cox: ff~ hmmmmA 

W:^^^;i/(lg 
L : 

Vgs: >f- V • y-Xf^«JE 
Vth: L£^lt«jE 

Vds : K l/>f > • v-*w*jbe 

[0 0 5 1] 

Ml 3"*% Vgs^Vds^/h$ <Tfc+#*£V* KW (1 
[0 0 5 2] 

©<£T tC J: U #lfr IS ft _t t5fc'in'^<, irfgSNMOS© y-^MF^> 0>^£ 
[0 0 5 3] 

VRK33#£;fc^<Z)a^#&&Cj:5P+#^||^y hCMOS 
ili:i5Mi:bT, «ipmEtaS&£EMNMOS£^--r -S/a >M©nmos ( 

[0 0 5 4] 

*»WO)«3t^f«CDP+#3Bft2/y3>#a^-hCM0S«3iJCJ:y, P 
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iz v > x nmos % b < &pmos© £ ^ e> % & # «rt6 t? & y , m&n if tc fe^ss 

[0 0 5 5] 

icfev^r%, *mm<Dmmiz£ ^wtmmiz^r^^m^ti^zt^nRL 

TJ3<o 

[0 05 6] 

©15 V % VD^> VRfc J: ffiiJ«ffi ©IS V ^ffiM© SWR& if JC*f j£ "f -5 «> T* & -5 

o 

[0 0 5 7] 

^h7^^t -f *y&A&ffiiz j: y ^^ic«^M^a^©J£tS:M Sr^fr* 
Icigl^^ttMStiSc &7tttt&&(Z)&fifcJVtt. PM0S1 1 2©P- 120 

E©«J&fr& 1X1 0 16 ~ 1X1 0 18 atoms/cm 3 ^^^ UV*. 
©fifcffcJBHU PM0S1 1 2©P+1 0 4©»#fcfcM**&fcLT#n>J&V*LttBF 2 
*m^mmtei'-hi&m$:{&< 1X1 0 19 atoms/cm 3 j£*±#$f;i:L< 

, NMOSl 1 3©N+l O3 0^lctt^$$fei:Ut'J>«;Hbttti5:Mv«tt 
S/- h&aftfcffi^Sfcg)* 1X1 0 19 atoms/cm 3 J£U:jW£ LV>„ 
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[0 0 5 8] 
[0 0 5 9] 

££>Icpmosi l 2ttv-x£ Ki/-f >©M#lc>?f- Mii:^-A*-7y^lt 
^M^a^©av^tlc«P+ l o 4 fcgeu V-x£ Kl>>f >%>U<«K w> 
£Wc>f- Mitt-/t-7'y^Lt^HMS0i^ti:lP- 1 2 0 £IE 
LfcV^^SDouble Diffused Drain (DDD) £ h ^ > # 

fey, ^©^PMos©l&^©^mm$:/^$<T^s^:^^e>^ v ^ h*^So u 

[0 0 6 0] 

^mgammni&mmte. pmosi i 2©p- 1 2 o©#^ic«^M#i^bT^n> 

&VNUfcfcBF 2 3:Mv^gki:*y h U T&WBE©«j^j^ 1 X 1 0 16 ~ 1 x 
1 0 18 atoms/cm 3 ^S*^* LV> 0 ffi>Ftt&jS&<Z>&ftMtt. PMOS 1 1 2 ©P + 
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1 0 4<D&&iZliZ*1MlB£ LT#0>&VaL&BF 2 £Mv^^&S/- hStftS:© 
<-tZ>fe&, 1X10 19 atoms/cm 3 J^_b^^^ b < , NMOS 113 ©N+ 10 3© 

, 1X10 19 atoms/cm 3 a_t^^:^ (_,^ o 
[0 0 6 1] 

m^t&WcMP- 12 0 £igV^i$:«N+ 10 3, P+104 <D?^r*)Vm^<?>Wi 
-fim&mA&mZMnteO . 2 /imfr& l /img/ST?**. ®4tC;i3V^&PM0S 
1 1 2©#M£tt#DDDfi^£;&oTV^^ ^©HI^T*©^M^^^ «k U ^ 

[0 0 6 2] 

^^icpmosi 1 2iiv-^i: Fi/jy**m®}mm<Dm^i&w<imp- 120^ 

<DM^UWtMP+ 1 0 4 ©V>t>»^SLightly Doped Drain (LDD) #itj^£>&£M0S 

h^>S>;**-*3i£ btv^5„ 03, 04 c^Lfc«^£M^&£&l££ 

03^@4 {c^Lfciij£M©PMosi:©ii^«, m^mmmmt&mm^^ 

[0 0 6 3] 

y b fc^, CVD& (it^mtil-Bkm) iz i y ^i^m^lp LM#4£ K7>fx«y 
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osi i2©p-i 2 o&m&izte^mtytisTTKu^&^viZBFzzm^^mtt 

fh^l) T&Z$m&.<?>Wl&-frb. 1X10 16 ~ 1X10 18 atoms/cm 3 jgg?;tf# 

*lvn„ -m*Hmmg.<z>i&wi.mit. pmosi i 2<d?+ i o 4<Dm^zit^m^n 

LTitfD>&^LteBF 2 $:mv>il|gtt^- h*gm&<B < 1X10 19 ato 

ms/cm 3 J£*J:#$J£ b <, NM0S1 1 3 <Z)N+ 1 0 3 ©^fCtt^M^il IT U 
^Ltt*fc*&JB^»Ktt$/-- hmm&{S<-rSfe», l X l 0 19 atoms/cm 3 j£*± 

[0 0 6 4] 

•9->f FX^ — tM 2 1 ©ipltajtSteO. 2/tm^?>0. b/tmglt^S, 
[0 0 6 5] 

m 6 & a%-r«^;»WfSi -? n - 

$gv^i£ffc«p+ 104 nvr=.msb^y^^^-mm.ii bt^s. S3 ic^bfc^ 
mmmumm ntf-bmma>mizm^ mmwi &n w «=> n x v > s ^ ^ a* & «#M*a 

[0 0 6 6] 

m*mwmm<nmmmzmvz>z.z:x*Mmztiz> 0 i&*H®mm<?>&Wim 

it. PMOSI 1 2CDP-1 2 OCD^^Cte^M^ LTtfn:yj&V^teBF 2 £MV^ 
fittW£E<0«^&, 1X10 16 ~ 1X10 18 atoms/cm 3 jgg#$?i; LV*. iS* 
l*4MI£<z>ffiifcJStt. PMOSl 1 2©P+l 0 4©4B^jctt>fC«4bi:OT3Kn>jai 
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^L,lZBF 2 *m\,\mmte*s- bi&tft*4&<-tZ>fcib. 1X1 0 19 atoms/cm 3 J£U: 
L<, NM0S1 1 3£>N+ 10 3 <Z>M&\Z\Z7f.nm£. LT U > & ^ b teiifclli 
&J8V*««tt$/- h*g*n&{g<i-££:#>. 1X1 0 19 atoms/cni 3 J^Jt*W* UV* 

o 

[0 0 6 7] 

fc^otv>S*\ lR^©liI»^©ttffl*»tcj:y-e©ia»K:fev^T3a-W3a;*3tS: 

£^ifffi#ith u «^#iWi|£#i«|-ey-*i: KM^ISbt^i^jfc 
«-^lctt#^fi»i[©g!I8«©fc«>^rfl!I'r«it)"b &WIfffi«3ti:?-S 

o 

[0 0 6 8] 

SI fcJ:tfH3 3^e>H6©||^fi«^CfeV^T<l^^^i*l3t©M0Sh9>S?^*--^: 
[0 0 6 9] 

l£«©«ttS:jS»K:UTNM©4 i #*ai*&fflV^feN||«P9x^/a©P+# 
[0 0 7 0] 
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;Wfc^{g b ^ \,mmmit it rUSt* & »; . * ^ * & s nmos*; v g 

[si] 

[02] 
[03] 
[04] 
[05] 
[06] 
[07] 

^*©CMOS4£*#««<z>»3t*i5S©«S:»Wrlif 7 n 

101, 201 P 

102. 202 N«i7i;U 
1 0 3. 2 0 3 N+ 
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2 0 6 7-f-/UF*ft* 
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